The New Caledonian endemic Treubia isignensis var. isignensis, which is known as a morphologically primitive liverwort, was extracted with diethyl ether and the crude extract analyzed by TLC and GC/MS. The species is chemically very primitive because it produces only maaliane-, eudesmane-, aristolane and gorgonane sesquiterpene hydrocarbons, which are significant chemical marker of the species; neither oxygenated terpenoids nor aromatic compounds were detected.
For phytochemistry and pharmacology, liverworts are a particularly attractive class among bryophytes since they produce a wide range of terpenoids and aromatic compounds, which are responsible for many biological activities, enclosed in structures called "oil bodies" [1a-e] . Those compounds are very useful for the chemosystematic study of liverworts [1a-1c] .
New Caledonia is a French archipelago located in the south east of the Pacific Ocean and is considered as a "hot spot" for terrestrial and marine biodiversity. Considering the bryophytes, 580 species have been identified in New Caledonia, encompassing 460 species of liverworts. Half of them are supposed to be endemic to New Caledonia [2] and, to the best of our knowledge, none of them has yet been analyzed for its chemical contents.
In the phylogeny of liverworts, the family Treubiaceae is considered to be the most basal family [3] and, according to our knowledge, no chemical study of this group has been studied. This family is represented by two genera: Apotreubia (2 species) and Treubia (6 species). All 8 species are located in Australasia except for T. scapanioides that occurs in Chile. In New Caledonia one variety of a Treubia species, considered as endemic, is described: T. isignensis var. isignensis. This plant can be found in humid forest around 1000 meters above sea level, growing either directly on the ground or on a dead trunk lying on the ground, generally very close to small creeks [2] .
The chemical analysis of T. isignensis var. isignensis that is discussed in this article allowed us to make several hypothesizes toward the chemical evolution of the liverworts and about the phylogeny of these plants.
The sample of T. isignensis var. isignensis was crushed and extracted with diethyl ether to give a green extract, which was analyzed by TLC and GC/MS according to a previously published procedure [4, 5] . On TLC, some hydrocarbons were detected in the crude extract of T. isignensis var. isignensis except for carotenoids. As shown in Fig. 1 , the present species did not accumulate a wide diversity of terpenoid compounds. Only 8 sesquiterpene hydrocarbons were detected in the crude extract; these were characterized by GC/MS and GC retention times. They are aristolene (2), calarene (3), -maaliene (4), -maaliene (5), maaliene (6), gorgonene (7), -selinene (8) and -selinene (9). All of them might be biosynthesized from farnesyl pyrophosphate via bicyclogermacrene (1). Surprisingly, compound 1 was not detected in this liverwort, but this could be due to the relative thermal instability of the compound. These compounds could be considered as ancestral characters regarding the chemosystematics of liverworts and more generally of terrestrial plants.
This basal liverwort species did not contain any oxygenated sesquiterpenoids derived from bicyclogermacrene. Neither farnesane nor cadinane, muurolane and germacrane derivatives could be detected, suggesting that T. isignensis var. isignensis is not only morphologically, but also chemically, a primitive liverwort. rare in liverworts. Aristolene (2) was only detected in Calypogeia suecica, and calarene (3) was previously isolated from C. suecica, Marsupidium epiphytum, Plagiochila circinalis, Saccogyna viticulosa and Jungermannia infusca [1a,b] . Thus, we can observe that those compounds were only conserved in Jungermanniales. Since our study allowed the detection of these compounds in a Treubia sp., it is proposed to consider the presence of aristolane terpenoids as an ancestral character. Very rarely, oxygenated aristolane derivatives can be found in other liverwort orders, such as ent-aristolone that is produced by Reboulia hemisphaerica [1a] . According to previous publications, maaliane sesquiterpenoids (4-7) are frequent in Jungermanniales, but can also been found in other genera such as Frullania, Monoclea, Radula and others [1a,b] .
We can notice that selinane terpenoids, α-(8) and β-selinene (9) are very widespread in liverworts. They can be found not only in Jungermanniales but also in Metzgriales and Marchantiales species [1a.b] . We suggest that these ubiquitous eudesmane sesquiterpene hydrocarbons might have been produced at a very early stage in liverwort evolution, and conserved in many species during evolution. The eudesmanes have been submitted to a wide range of chemical modification in"more evolved liverworts" that produce, for example, oxygenated eudesmol, eudesmanals, eudesmanolides, and eremophilanolides, which are formed from eudesmanolides [1ac] .
Finally, one gorgonane sesquiterpenoid, identified as gorgonene (7), was detected as the major component of the diethyl ether extract of T. isignensis var. isignensis. This compound has also been detected only in Saccogyna viticulosa [1a] . Here again we observed an interesting similarity between Treubia and a species of Jungermaniales.
In plant evolution, bryophytes are supposed to have originated from some algae. The detection and isolation of exactly the same pheromones that have been found in sea algae in the liverworts, Fosssombronia and Chandonanthus species support the above proposal [1b, 6, 7] . Thus, studies of the chemistry of Treubiaceae species that are considered as the most basal liverworts family is of great interest to characterize the evolution from marine to terrestrial plants, although the presence of the above pheromones was not proved in the titled liverwort.
Experimental
Plant material: Treubia isignensis var. isignensis was collected on the Plateau de Dogny in September 2012, at 900 m above sea level (165.88205; -21.60588) in the South Province of New Caledonia (harvests authorization number: 1995-2012). The plants were growing on deadwood in humid forest. A voucher specimen (Cou 64) was deposited in the herbarium of the center IRD of Noumea (NOU) and identified by Louis Thouvenot.
The air-dried sample (5 g) was crushed and extracted with Et 2 O by maceration for 3 weeks. Then the crude extract was analyzed by TLC and GC-MS according to a previously published procedure [4] . Mass Finder 2.3 program, NIST library and literature were used to identify sesquiterpenes [5] .
